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FIG. 2 
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FIG. 5A 
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VIRTUAL COMPUTER SYSTEM AND 
METHOD FOR SWAPPING INPUT/OUTPUT 
DEVICES BETWEEN VIRTUAL MACHINES 
AND COMPUTER READABLE STORAGE 

MEDIUM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a virtual computer system 
and a method for swapping input/output devices (hereinafter 
referred to as “I/O devices”) betWeen virtual machines and 
a computer readable storage medium, and more particularly 
to a virtual computer system and method for sWapping I/O 
devices betWeen virtual machines, Which system and 
method provide a command function Which enables I/O 
devices to be sWapped betWeen virtual machines through a 
single operation and enables simultaneous update of I/O 
de?nitions of the virtual machines stored in a 
VM-con?guration information ?le, and computer readable 
storage medium thereof. 

2. Description of the Related Art 
FIGS. 10A and 10B shoW an eXample system operation 

using a virtual computer system. The virtual computer 
system operates a single real machine as if a plurality of 
computers Were present. Such virtual computers operating 
on a single real machine are called “virtual machines 

(VMs).” 
In an eXample case, a virtual machine for daily business 

and a virtual machine for system development are operated 
simultaneously on a single real machine. In another eXample 
case, future introduction of tWo real machines is planned for 
on-line processing and batch processing, respectively, but on 
a temporary basis, a virtual machine for on-line processing 
and a virtual machine for batch processing are realiZed by a 
single real machine. 

FIGS. 10A and 10B shoW an eXample in Which a virtual 
computer system is operated according to the latter scheme. 
In the system, a virtual machine VM1 for on-line processing 
and a virtual machine VM2 for batch processing are oper 
ated on a single real machine R. The virtual machine VM1 
uses duplicated volumes A1 andA2 (hereinafter called “dual 
volumes”). During on-line processing, the virtual machine 
VM1 Writes identical data (e.g., document data and log data) 
in the volumes A1 and A2. When such data is subjected to 
batch processing such as batch print (document output, etc.), 
the folloWing operation is performed. One (e.g., A2) of the 
dual volumes of the virtual machine VM1 is detached from 
the virtual machine VM1 and is attached to the virtual 
machine VM2; and a volume B of the virtual machine VM2 
is detached from the virtual machine VM2 and is attached to 
the virtual machine VM1 in order to continue the dual 
volume operation. After attachment of the volume B, the 
virtual machine VM1 copies data of the volume A1 to the 
volume B and resumes the dual-volume operation. 

FIG. 11 shoWs a conventional technique for operating a 
virtual computer system as described above. 

Amonitor program 100 is a control program for control 
ling virtual machines VM1 and VM2 in a virtual computer 
system. VM consoles 31 and 32 for operating the virtual 
machines VM1 and VM2 are connected to the virtual 
machines VM1 and VM2, respectively. When an I/O device 
21 (device number: 0t) attached to the virtual machine VM1 
is sWapped With an I/O device 22 (device number: [3) 
attached to the virtual machine VM2 at each of the VM 
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2 
consoles 31 and 32 an operator must input successive 
commands for detaching and attaching the designated I/O 
device to be sWapped. 

Further, simultaneously With the sWap of the I/O devices, 
the operator must update de?nition information of the I/O 
devices, Which information is held in the virtual computer 
system and used to allocate the I/O devices to the virtual 
machines When started. 

Speci?cally, the operator must perform operations (1) to 
(6) shoWn in FIG. 11. 
(1) Inputting from the VM console 31 a command for 

detaching the I/O device 21 (device number: 0t) from the 
virtual machine VM1. 

(2) Inputting from the VM console 32 a command for 
detaching the I/O device 22 (device number: [3) from the 
virtual machine VM2. 

(3) Inputting from the VM console 31 a command for 
attaching the I/O device 22 (device number: [3)to the 
virtual machine VM1 

(4) Inputting from the VM console 32 a command for 
attaching the I/O device 21 (device number: 0t) to the 
virtual machine VM2. 

(5) Updating the I/O de?nition information in the 
VM-con?guration ?le in order to allocate the I/O device 
22 (device number: [3) to the virtual machine VM1. 

(6) Updating the I/O de?nition information in the 
VM-con?guration ?le in order to allocate the I/O device 
21 (device number: 0t) to the virtual machine VM2. 
With diversi?ed employment of a virtual computer 

system, virtual machines have come to be used according to 
various operation schemes. Under such circumstances, use 
of an operation scheme in Which I/O devices are sWapped 
betWeen a plurality of virtual machines has begun. HoWever, 
due to the common thought that a virtual device con?gura 
tion is present individually for each virtual machine, there 
has been present only a concept of attaching a certain I/O 
device to a virtual machine and detaching the certain I/O 
device from the virtual machine, but not a concept of 
sWapping I/O devices betWeen a plurality of virtual 
machines. Therefore, as commands for the monitor program 
100, only a command for attachment of an I/O device and a 
command for detachment of an I/O device have been 
provided. 

Therefore, conventionally, the operation for sWapping I/O 
devices betWeen virtual machines is very troublesome and 
requires a long time, as has been described With reference to 
the eXample of FIG. 11. 

Moreover, since de?nition information regarding I/O 
devices sWapped betWeen the virtual machines is merely 
stored on memory of the virtual computer system, if, after 
sWap of the I/O devices, the virtual computer system goes 
doWn due to a failure, the information indicting the fact that 
the I/O devices have been sWapped is lost. Therefore, When 
the virtual machines are re-started after such a system doWn, 
the I/O devices are allocated to the virtual machines in 
accordance With the contents of a VM-con?guration infor 
mation ?le, Which has been provided in advance on a 
nonvolatile storage device such as a magnetic disk. 
Therefore, the allocation of the I/O devices returns to the 
state before sWap. In such a case, before starting the virtual 
machines, the operator must change the I/O de?nition infor 
mation stored in the VM-con?guration information ?le in 
such a manner that the sWap of the I/O devices is re?ected 
in the I/O de?nition information. 

SUMMARY OF THE INVENTION 

An object of the present invention is to solve the problems 
involved in sWap of I/O devices betWeen virtual machines 
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such that a large number of commands must be input, that 
operation is complex and cumbersome, and that the risk of 
an operator’s erroneous operation is high. 

Another object of the present invention is to solve the 
problems involved in update of VM-con?guration informa 
tion such that, since the update of VM-con?guration infor 
mation must be performed separately, overall operation 
becomes complex and cumbersome, and that in some cases 
proper operation of virtual machines after the update cannot 
be guaranteed, because the update may involve errors. 

Still another object of the present invention is to provide 
a virtual computer system Which enables I/O devices to be 
sWapped betWeen virtual machines through a single opera 
tion. 

Still another object of the present invention is to provide 
a method for sWapping I/O devices betWeen virtual 
machines in a virtual computer system, Which method 
enables I/O devices to be sWapped betWeen the virtual 
machines through a single operation. 

Still another object of the present invention is to provide 
a computer readable storage medium storing a program for 
sWapping I/O devices betWeen virtual machines in a virtual 
computer system, Which program enables I/O devices to be 
sWapped betWeen the virtual machines through a single 
operation. 

The present invention provides a virtual computer system 
comprises a real machine including ?rst and second input/ 
output devices; a plurality of virtual machines being oper 
ated on the real machine and including ?rst and second 
virtual machines; an accepting and analyZing means for 
accepting and analyZing a single command Which instructs 
sWap of the ?rst input/output device allocated to the ?rst 
virtual machine With the second input/output device allo 
cated to the second virtual machine; a detaching means for 
detaching the ?rst and second input/output devices from the 
?rst and second virtual machines in response to input of the 
command; and an attaching means for attaching to the ?rst 
virtual machine the second input/output device detached 
from the second virtual machine and for attaching to the 
second virtual machine the ?rst input/output device detached 
from the ?rst virtual machine. 

Preferably, the virtual computer system further comprises 
a non-volatile storage device Which stores input/output 
device de?nition information, the de?nition information 
being used for allocating the input/output-devices to the 
virtual machines When the virtual machines are started; and 
an updating means for updating the input/output-device 
de?nition information stored in the storage device When the 
input/output devices are sWapped. 

The present invention also provides a method for sWap 
ping input/output devices in a virtual computer system 
having a plurality of virtual machines being operated on a 
real machine, and the method comprises accepting and 
analyZing a single command Which instructs sWap of a ?rst 
input/output device allocated to a ?rst virtual machine With 
a second input/output device allocated to a second virtual 
machine; detaching the ?rst and second input/output devices 
from the ?rst and second virtual machines in response to 
input of the command; attaching to the ?rst virtual machine 
the second input/output device detached from the second 
virtual machine and attaching to the second virtual machine 
the ?rst input/output device detached from the ?rst virtual 
machine; and updating input/output de?nition information 
previously stored in a non-volatile storage device, the input/ 
output de?nition information being used for allocating the 
input/output devices to the virtual machines When the virtual 
machines are started. 
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4 
The present invention also provides a computer readable 

storage medium storing a program Which enables I/O 
devices to be sWapped betWeen the virtual machines through 
a single operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an explanatory vieW shoWing the general con 
cept of the present invention; 

FIG. 2 is a processing ?oWchart of a monitor program; 

FIGS. 3A and 3B are diagrams shoWing a system 
con?guration, on the basis of Which an embodiment of the 
present invention Will be described, Wherein FIG. 3A shoWs 
a hardWare con?guration, and FIG. 3B shoWs I/O con?gu 
rations of virtual machines; 

FIG. 4 is a diagram shoWing an example of management 
information before sWap of I/O devices; 

FIGS. 5A and 5B are diagrams shoWing an example of a 
command input screen of a VM console, Wherein FIG. 5A 
shoWs a screen before input of necessary data, and FIG. 5B 
shoWs a screen after input of necessary data; 

FIG. 6 is a diagram shoWing sWap of I/O devices; 
FIG. 7 is a diagram shoWing I/O de?nition information of 

each virtual machine before sWap and that after sWap; 

FIG. 8 is a diagram shoWing an interface betWeen the 
monitor program and the hardWare; 

FIG. 9 is a diagram shoWing an example of management 
information after sWap of I/O devices; 

FIGS. 10A and 10B are diagrams shoWing an example 
system operation using a virtual computer system, Wherein 
FIG. 10A shoWs a state before sWap of I/ O devices, and FIG. 
10B shoWs a state after sWap of I/O devices; and 

FIG. 11 shoWs a conventional technique. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Avirtual computer system according to the present inven 
tion provides a command function Which enables an opera 
tor to sWap I/O devices betWeen virtual machines through a 
single operation and to simultaneously update I/O de?ni 
tions of the virtual machines stored in a VM-con?guration 
information ?le. 
A command for sWapping I/O devices betWeen virtual 

machines is provided for the virtual computer system 
according to the present invention. When the command is 
input, each of I/O devices designated to be sWapped is 
detached from corresponding one of sWap-source-side and 
sWap-destination-side virtual machines, and then attached to 
the other virtual machine. Simultaneously, de?nition infor 
mation for the I/O devices in a VM-con?guration informa 
tion ?le stored in a non-volatile storage device such as a 
magnetic disk is updated automatically so as to re?ect the 
sWap of the I/O devices. 

FIG. 1 is an explanatory vieW shoWing the general con 
cept of the present invention. 
Amonitor program 10 is a control program for controlling 

virtual machines VMl and VM2 in a virtual computer 
system. I/ O devices 21 and 22 are peripheral devices such as 
an external storage device and a printer; and device numbers 
are allocated to the I/O devices 21 and 22 for the purpose of 
identi?cation. The device numbers are used as device 
addresses. At present, the I/O device 21 (device number: 0t) 
is allocated to the virtual machine VMl and the I/O device 
22 (device number: [3) is allocated to the virtual machine 
VM2. 
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A VM console 30 is a console used for operating the 
virtual machine VM1. A VM-con?guration information ?le 
40 is provided on an external storage device and adapted to 
store information regarding de?nitions of I/O devices Which 
are allocated to the virtual machines When the virtual 
machines are started. The de?nitions of I/O devices Will be 
referred to as “I/O de?nitions”. 

The monitor program 10 includes a command analyZing 
section 11, a simultaneous detachment section 12, a simul 
taneous attachment section 13, and an I/O-de?nition update 
section 14. The command analyZing section 11 serves as a 
means for analyZing commands input from the VM console 
30. In particular, the command analyZing section 11 has a 
function of accepting an I/O-device sWap command, Which 
instructs sWap of I/O devices betWeen virtual machines, and 
analyZing parameters and etc. appearing in the command. In 
the I/O-device sWap command, an I/O device of a virtual 
machine on an sWap source side, an I/O device of a virtual 
machine on an sWap destination side, and the name of the 
virtual machine on the sWap destination side are designated 
as parameters. 

On the basis of results of the analysis of the I/O-device 
sWap command, the simultaneous detachment section 12 
simultaneously detaches I/O devices designated to be 
sWapped, from the virtual machine on the sWap source side 
and from the virtual machine on the sWap destination side. 
The simultaneous attachment section 13 sWaps the thus 
detached I/O devices and simultaneously attaches them to 
the virtual machines such that the I/O device detached from 
the sWap-source-side virtual machine is attached to the 
sWap-destination-side virtual machine, and the I/O device 
detached from the sWap-destination-side virtual machine is 
attached to the sWap-source-side virtual machine. 

The I/O-de?nition update section 14 updates the I/O 
de?nitions of the respective virtual machines stored in the 
VM-con?guration information ?le 40 in such a manner that 
the result of the sWap of the I/O devices is re?ected in the 
I/O de?nitions in the VM-con?guration information ?le 40. 

FIG. 2 shoWs a processing How of the monitor program 10 
for the I/O-device sWap command. NoW, an eXample opera 
tion of the system shoWn in FIG. 1 Will be described in 
accordance With the ?oWchart shoWn in FIG. 2. 

Here, it is assumed that the name of the virtual machine 
VM1 and VM2 is “VM1” and “VM2”, respectively. And, it 
is assumed that an I/O-device sWap command is input, While 
a device number “0t” is input as an sWap-source-side I/O 
device, a device number “[3” is input as an sWap-destination 
side I/O device, and “VM2” is input as the name of an 
sWap-destination-side virtual machine. In this case, the 
monitor program 10 operates as folloWs. 

First, the command analyZing section 11 checks Whether 
the designated command parameters are correct. If the 
parameters are correct, the command analyZing section 11 
stores Within the monitor program 10 the device number “0t” 
of the sWap-source-side I/O device, the device number “[3” 
of the sWap-destination-side I/O device, and the name 
“VM2” of the sWap-destination-side virtual machine (step 
S1). In an eXample case in Which the I/ O device of the device 
number “[3” is not attached to the sWap-destination-side 
virtual machine VM2, a command error is detected When the 
command is input. In such a case, the command analyZing 
section 11 outputs an error message on the VM console 30 
and prompts the operator to re-enter the command. 

Subsequently, the simultaneous detachment section 12 
detaches the sWap-source-side I/O device (device number: 
0t) from the virtual machine VM1 by issuing a hardware 
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instruction (step S2). Further, the simultaneous detachment 
section 12 detaches the sWap-destination-side I/O device 
(device number: [3) from the virtual machine VM2 by 
issuing a hardWare instruction (step S3). 

Subsequently, the simultaneous attachment section 13 
attaches the sWap-source-side I/O device (device number: 
ot)—Which has been detached from the virtual machine 
VM1—to the virtual machine VM2 by issuing a hardWare 
instruction (step S4). Further, the simultaneous attachment 
section 13 attaches the sWap-destination-side I/O device 
(device number: [3)—Which has been detached from the 
virtual machine VM2—to the virtual machine VM1, by 
issuing a hardWare instruction (step S5). At this time, the 
device numbers of virtual I/O devices are maintained 
unchanged on the virtual machines VM1 and VM2. 

Subsequently, the I/O-de?nition update section 14 reads 
data regarding the sWapped I/O devices from the 
VM-con?guration information ?le 40 Which stores the I/O 
de?nitions of the virtual machine virtual machines, loads the 
data on the memory of the monitor program 10, and updates 
the I/O-device de?nition information. The I/O-de?nition 
update section 14 then Writes the updated I/O-device de? 
nition information in the VM-con?guration information ?le 
40 (step S6). 
The above-described processing Will be described in more 

detail With reference to a concrete eXample. FIGS. 3A and 
3B are diagrams shoWing a system con?guration, Which 
serves as a basis for an embodiment Which Will be described 
hereinbeloW. FIG. 3A shoWs an actual hardWare con?gura 
tion regarding I/O devices to be sWapped. Here, it is 
assumed that, as shoWn in FIG. 3A, tWo real I/O devices 
(device numbers: 150, 151) are connected to a channel CH1. 
These real I/O devices are allocated to the virtual machines 
VM1 and VM2, one device each. As shoWn in FIG. 3B, the 
real I/O device of the device number 150 is allocated to the 
virtual machine VM1 as a virtual I/O device (device number: 
350), and the real I/O device of the device number 151 is 
allocated to the virtual machine VM2 as a virtual I/O device 
(device number: 351). The device numbers of the real I/O 
devices differ from the device numbers of corresponding 
virtual I/O devices used by the respective virtual machines. 

FIG. 4 shoWs management information before sWap of 
I/O devices. In the memory of the monitor program 10, the 
device numbers 150 and 151 of the real I/O devices are 
registered for the virtual machines VM1 and VM2, and the 
device numbers 350 and 351 of corresponding virtual I/O 
devices are related thereto. The virtual machine VM1 stores 
in its memory the device number 350 of the corresponding 
virtual I/O device, and the virtual machine VM2 stores in its 
memory the device number 351 of the corresponding virtual 
I/O device. The same information as that stored by the 
monitor program 10 is stored in the I/O de?nition section of 
the VM-con?guration information ?le 40. 

FIGS. 5A and 5B shoW an eXample of a command input 
screen of the VM console 30, Wherein FIG. 5A shoWs a 
screen before input of a command and parameters, and FIG. 
5B shoWs a screen after input of the command and param 
eters. In the illustrated example, a command (command 
name: X) for instructing I/O-device sWap and update of the 
I/O de?nitions of the virtual machines is input from the VM 
console 30 of the virtual machine VM1. Further, the name 
“VM2” of the sWap-destination-side virtual machine, the 
device number “351” of the sWap-destination-side virtual 
I/O device, and the device number “350” of the sWap 
source-side virtual I/ O device are input. Although the device 
numbers designated as parameters here are the device num 
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bers of the virtual I/O devices, devices which are to be 
swapped are real I/O devices. 

FIG. 6 shows a manner in which I/ O devices are swapped. 
In response to input of the command shown in FIG. 5B, 
swap of the I/O device 21 allocated to the virtual machine 
VM1 with the I/O device 22 allocated to the virtual machine 
VM2 is performed as shown in FIG. 6. At this time, the 
device numbers of the real I/O devices are swapped natu 
rally. However, the device numbers (350 and 351) of the 
virtual I/O devices are maintained unchanged. That is, the 
I/O-device management information on each of the memo 
ries of the virtual machines VM1 and VM2 is not changed. 

FIG. 7 shows I/O de?nition information of each virtual 
machine managed by the monitor program 10 displayed 
before swap of I/O devices, and that displayed after the swap 
of I/O devices. The U0 de?nition information (allocation 
information) of each virtual machine managed by the moni 
tor program 10 can be displayed on the VM console 30 by 
use of a display instruction command. The state of allocation 
before input of the I/O-device swap command is shown on 
the top side of FIG. 7, and the state of allocation after the 
input of the I/O-device swap command is shown on the 
bottom side of FIG. 7. 

FIG. 8 shows an interface between the monitor program 
10 and hardware 50 for effecting attachment and detachment 
of I/O devices. As shown in FIG. 8, detachment of I/O 
devices from the virtual machines and attachment of I/O 
devices to the virtual machines are performed by means of 
communication commands for the monitor program 10 and 
the hardware (including ?rmware) 50. This interface with 
the hardware 50 is similar to conventional interfaces. 
However, whereas in conventional interfaces a single hard 
ware command is issued for one command, in the present 
invention four hardware commands are issued for one 
I/O-device swap command. Noti?cation of completion of 
each hardware command is performed asynchronously. In 
view of this, after issuing a hardware command for detach 
ment of the I/O devices, the monitor program 10 waits a 
completion noti?cation asynchronously issued from the 
hardware 50, and then issues a hardware command for 
attachment of the I/O devices. 

FIG. 9 shows the overall management information after 
swap of the I/O devices. In the memory of the monitor 
program 10, the device numbers 151 and 150 of the swapped 
real I/O devices are respectively set for the virtual machines 
VM1 and VM2 and the device numbers 350 and 351 of 
corresponding virtual I/O devices are related thereto. The 
virtual machine VM1 stores in its memory the device 
number 350 of the corresponding virtual I/O device, and the 
virtual machine VM2 stores in its memory the device 
number 351 of the corresponding virtual I/O device. This 
state is the same as that before the I/O-device swap. Simul 
taneously with the I/O-device swap, the I/ O de?nitions in the 
VM-con?guration information ?le 40 are updated, so that 
the same information as that which the monitor program 
stores after the swap is stored in the VM-con?guration 
information ?le 40. 

As describe above, since the present invention enables an 
operator to swap I/O devices between virtual machines 
through a single operation, the burden on the operator can be 
reduced. In addition, erroneous operations can be reduced. 
Moreover, even in a case in which the monitor program goes 
down after swap of I/O devices between virtual machines, 
the operations of the virtual machines re-started after such 
system down can be guaranteed. 
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What is claimed is: 
1. A virtual computer system comprising: 
a real machine including ?rst and second input/output 

devices; 
a plurality of virtual machines being operated on the real 
machine and including ?rst and second virtual 
machines; 

an accepting and analyZing means for accepting and 
analyZing a single command which instructs to swap 
the ?rst input/output device allocated to the ?rst virtual 
machine with the second input/output device allocated 
to the second virtual machine; 

a detaching means for detaching the ?rst and second 
input/output devices from the ?rst and second virtual 
machines respectively in response to input of the com 
mand; and 

an attaching means for attaching to the ?rst virtual 
machine the second input/output device detached from 
the second virtual machine and for attaching to the 
second virtual machine the ?rst input/output device 
detached from the ?rst virtual machine. 

2. A virtual computer system according to claim 1, 
wherein the detaching means detaches ?rst input/output 

device by issuing ?rst hardware instruction and 
detaches second input/output device by issuing second 
hardware instruction on a basis of an analysis of the 

command; and 
wherein the attaching means attaches ?rst input/output 

device by issuing third hardware instruction and 
attaches second input/output device by issuing forth 
hardware instruction on the basis of the analysis of the 
command. 

3. A virtual computer system according to claim 2, 
wherein the attaching means issues the third and forth 
hardware instruction in a case that the detaching means 
receives asynchronous completion noti?cation as a response 
to the ?rst and second hardware instruction. 

4. Avirtual computer system according to claim 1, further 
comprising: 

a non-volatile storage device to store input/output-device 
de?nition information, the de?nition information being 
used to allocate the input/output devices to the virtual 
machines in a case that the virtual machines are started; 
and 

an updating means for updating the input/output-device 
de?nition information stored in the storage device in a 
case that the input/output devices are swapped. 

5. A virtual computer system according to claim 4, 
wherein the de?nition information includes a name of the 
virtual machine, device number of a real input/output-device 
and device number of a virtual input/output-device, the 
device number of the real and virtual input/output-devices 
indicating the input/output-device which is allocated to the 
virtual machine. 

6. A virtual computer system according to claim 4, 
wherein the accepting and analyZing means displays a 
screen to input the command. 

7. A virtual computer system according to claim 6, 
wherein information which indicate the ?rst input/output 
device, second input/output device and the second virtual 
machine are input to the screen as parameters of the com 
mand in a case that the ?rst virtual machine is using the 
accepting and analyZing means. 

8. A virtual computer system according to claim 7, 
wherein the accepting and analyZing means checks the 
parameters of the command which input into the screen. 
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9. A virtual computer system according to claim 7, 
wherein the de?nition information includes a name of the 

virtual machine, device number of a real input/output 
device and device number of a virtual input/output 
device, the device number of the real and virtual 
input/output-devices indicating the input/output-device 
Which is allocated to the virtual machine; and 

Wherein the information Which indicate the ?rst and 
second input/output devices are speci?ed by their 
device number of the ?rst and second virtual input/ 
output-device. 

10. A virtual computer system according to claim 4, 
Wherein the detaching means detaches ?rst input/output 

device by issuing ?rst hardWare instruction and 
detaches second input/output device by issuing second 
hardWare instruction on a basis of the analysis of the 

command; 
Wherein the attaching means attaches ?rst input/output 

device by issuing third hardWare instruction, attaches 
second input/output device by issuing forth hardWare 
instruction on the basis of the analysis of the command, 
and issues the third and forth hardWare instruction in a 
case that the detaching means receives asynchronous 
completion noti?cation as a response to the ?rst and 
second hardWare instruction; and 

Wherein the updating means updates the de?nition infor 
mation stored in the storage device in a case that the 
attaching means receives asynchronous completion 
noti?cation as a response to the third and forth hard 
Ware instruction. 

11. A method for sWapping input/output devices in a 
virtual computer system having a plurality of virtual 
machines operated on a real machine, the method compris 
ing: 

accepting and analyZing a single command Which 
instructs to sWap a ?rst input/output device allocated to 
a ?rst virtual machine With a second input/output 
device allocated to a second virtual machine; 
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detaching the ?rst and second input/output devices from 

the ?rst and second virtual machines in response to 
input of the command; 

attaching to the ?rst virtual machine the second input/ 
output device detached from the second virtual 
machine and attaching to the second virtual machine 
the ?rst input/output device detached from the ?rst 
virtual machine; and 

updating input/output de?nition information previously 
stored in a non-volatile storage device in a case that the 
?rst and second input/output devices are sWapped, the 
input/output de?nition information being used to allo 
cate the input/output devices to the virtual machines 
When the virtual machines are started. 

12. A computer readable medium storing a program to 
implement With a computer sWapping input/output devices 
in a virtual computer system having a plurality of virtual 
machines operated on a real machine, Wherein the program 
causes the computer to perform: 

accepting and analyZing a single command Which 
instructs to sWap a ?rst input/output device allocated to 
a ?rst virtual machine With a second input/output 
device allocated to a second virtual machine; 

detaching the ?rst and second input/output devices from 
the ?rst and second virtual machines in response to 
input of the command; 

attaching to the ?rst virtual machine the second input/ 
output device detached from the second virtual 
machine and attaching to the second virtual machine 
the ?rst input/output device detached from the ?rst 
virtual machine; and 

updating input/output de?nition information previously 
stored in a non-volatile storage device in a case that the 
?rst and second input/output devices are sWapped, the 
input/output de?nition information being used to allo 
cate the input/output devices to the virtual machines 
When the virtual machines are started. 


